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TLC DATA PROGRAMMING WITH HYBRID
PARITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of co-pending U.S. patent
application Ser. No. 17/202,163, filed Mar. 15, 2021, now

U.S. Pat. No. 11,861,195 which 1s herein incorporated by
reference.

BACKGROUND OF THE DISCLOSURE
Field of the Disclosure

Embodiments of the present disclosure generally relate to
improving programming to data storage devices, such as

solid state drives (SSDs).

Description of the Related Art

Programming or writing data may require two writing
phases: foggy and fine. In foggy-fine programming, the bits
to be written cannot simply be written once. Rather, the data
needs to be first written by foggy programming where
voltage pulses are provided to push the current state to a
more resolved state, but not a completely resolved state.
Fine programming 1s performed at a point in time aiter foggy
programming to write the data again i the completely
resolved state.

While programing or writing data to the respective loca-
tions of the data storage device, program failures, such as bit
errors, may accumulate. In order to {ix the program failures,
exclusive or (XOR) parity data i1s generated by an error
correction engine, such as a parity engine or a low density
parity check (LDPC) engine. The XOR parity data 1s stored
in each location of the data write. For example, 11 data 1s fine
programmed to a first non-volatile memory device, the data
1s first programmed to a volatile memory device cache or to
a second non-volatile memory device cache. The data 1s then
foggy program to the first non-volatile memory device. After
completing the foggy program to the first non-volatile
memory device, the data 1s fine programmed to the first
non-volatile memory device. XOR parity data may be gen-
erated and stored along with the programmed data 1n each
location of the data programming sequence, such as in the
volatile memory device cache, the second non-volatile
memory device cache, the foggy program to the first non-
volatile memory device, and the fine program to the first
non-volatile memory device. The accumulation of XOR
parity data in each memory device previously mentioned
increases the XOR parity overhead and reduces over provi-
sioning or capacity for user data in the data storage device.

Therefore, there 1s a need in the art for improved pro-
gramming to the non-volatile memory while decreasing the
XOR parity overhead and maintaining or increasing the
reliability of the data storage device.

SUMMARY OF THE DISCLOSURE

The present disclosure generally relates to improving
programming to data storage devices, such as solid state
drives (SSDs). A first memory device has a first XOR
clement and a second memory device has a second XOR
clement. The ratio of the first XOR element to the capacity
of the first memory device i1s substantially smaller than the
ratio of the second XOR element to the capacity of the
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2

second memory device. A read verily operation to find
program failures 1s executed on either a wordline to word-
line basis, an erase block to erase block basis, or both a
wordline to wordline basis and an erase block to erase block
basis. Because the program failures are found and fixed prior
to programming to the second memory device, the second
XOR element may be decreased substantially.

In one embodiment, a data storage device includes a
controller and a memory device coupled to the controller.
The memory device includes a first superblock that has a
first parity portion of a first storage size and a second
superblock that has a second parity portion of a second
storage size. The first storage size 1s less than the second
storage size.

In another embodiment, a data storage device includes a
memory device and a controller coupled to the memory
device. The controller 1s configured to receive host data from
a host device, generate first exclusive or (XOR) panity data
for the host data, encode the host data and first XOR parity
data with an encoder, write the host data and first XOR
parity data to a first memory superblock, decode valid data
and first XOR parity data written to the first memory
superblock, where the valid data corresponds with the host
data that has not been modified by the host device located 1n
the first memory superblock, generate second XOR parity
data for the decoded valid data, re-encode the decoded data
and second XOR parity data with the encoder, write the
re-encoded data and parity data to a second memory super-
block. The re-encoded second XOR parnity data has a size
that 1s less than the size of the first XOR parity data.

In another embodiment, a data storage device includes
memory means comprising a first memory superblock and a
second memory superblock, means to store host data with
parity data in the first memory superblock, and means to
store a copy of the host data and parity data in the second
memory superblock, wherein the copy of the parity data
utilizes a smaller amount of parity data storage in the second

superblock compared to an amount of parity data storage in
the first superblock.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present disclosure can be understood in detail, a more
particular description of the disclosure, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It 1s to be
noted, however, that the appended drawings 1llustrate only
typical embodiments of this disclosure and are therefore not
to be considered limiting of its scope, for the disclosure may
admit to other equally effective embodiments.

FIG. 1 1s a schematic block diagram illustrating a storage
system 1n which data storage device may function as a
storage device for a host device, according to disclosed
embodiments.

FIGS. 2A and 2B are schematic 1llustrations of scheduling
foggy-fine programming, according to disclosed embodi-
ments.

FIG. 3 1s a schematic illustration of a horizontal exclusive
or (XOR) scheme with full die redundancy of a super block,
according to disclosed embodiments.

FIG. 4 15 an illustration of the possible options of exclu-
stve or (XOR) 1n a multi-level cell, according to disclosed
embodiments.

FIGS. 5A and 5B are illustrations of various program
failure types, according to disclosed embodiments.
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FIGS. 6 A and 6B are schematic 1llustrations of a reduced
horizontal exclusive or (XOR) scheme of a superblock,

according to disclosed embodiments.

FIG. 7 1s a schematic 1llustration of a reduced horizontal
exclusive or (XOR) scheme of a superblock, according to
disclosed embodiments.

FIG. 8 1s a schematic illustration of a reduced vertical
exclusive or (XOR) scheme of a superblock, according to
disclosed embodiments.

FIG. 9 1s a flowchart illustrating a method of performing,
a foggy-fine program, according to disclosed embodiments.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate i1dentical
clements that are common to the figures. It 1s contemplated
that elements disclosed 1n one embodiment may be benefi-

cially utilized on other embodiments without specific reci-
tation.

DETAILED DESCRIPTION

In the following, reference 1s made to embodiments of the
disclosure. However, 1t should be understood that the dis-
closure 1s not limited to specific described embodiments.
Instead, any combination of the following features and
elements, whether related to different embodiments or not, 1s
contemplated to implement and practice the disclosure.
Furthermore, although embodiments of the disclosure may
achieve advantages over other possible solutions and/or over
the prior art, whether or not a particular advantage 1s
achieved by a given embodiment 1s not limiting of the
disclosure. Thus, the following aspects, features, embodi-
ments and advantages are merely 1llustrative and are not
considered elements or limitations of the appended claims
except where explicitly recited in a claim(s). Likewise,
reference to “the disclosure” shall not be construed as a
generalization of any inventive subject matter disclosed
herein and shall not be considered to be an element or
limitation of the appended claims except where explicitly
recited 1n a claim(s).

The present disclosure generally relates to improving
programming to data storage devices, such as solid state
drives (SSDs). A first memory device has a first XOR
clement and a second memory device has a second XOR
clement. The ratio of the first XOR element to the capacity
of the first memory device 1s substantially smaller than the
ratio of the second XOR element to the capacity of the
second memory device. A read venly operation to find
program lailures 1s executed on either a wordline to word-
line basis, an erase block to erase block basis, or both a
wordline to wordline basis and an erase block to erase block
basis. Because the program failures are found and fixed prior
to programming to the second memory device, the second
XOR element may be decreased substantially.

FIG. 1 1s a schematic block diagram illustrating a storage
system 100 in which data storage device 106 may function
as a storage device for a host device 104, according to
disclosed embodiments. For instance, the host device 104
may utilize a non-volatile memory (NVM) 110 included in
data storage device 106 to store and retrieve data. The host
device 104 comprises a host DRAM 138. In some examples,
the storage system 100 may include a plurality of storage
devices, such as the data storage device 106, which may
operate as a storage array. For instance, the storage system
100 may include a plurality of data storage devices 106
configured as a redundant array of inexpensive/independent
disks (RAID) that collectively function as a mass storage
device for the host device 104.
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The storage system 100 includes the host device 104,
which may store and/or retrieve data to and/or from one or
more storage devices, such as the data storage device 106.
As 1llustrated m FIG. 1, the host device 104 may commu-
nicate with the data storage device 106 via an interface 114.
The host device 104 may comprise any of a wide range of
devices, including computer servers, network attached stor-
age (NAS) units, desktop computers, notebook (1.¢., laptop)
computers, tablet computers, set-top boxes, telephone hand-
sets such as so-called “smart” phones, so-called “smart”
pads, televisions, cameras, display devices, digital media
players, video gaming consoles, video streaming device, or
other devices capable of sending or receiving data from a
data storage device.

The data storage device 106 includes a controller 108,
NVM 110, a power supply 111, volatile memory 112, an
interface 114, and a write bufler 116. In some examples, the
data storage device 106 may include additional components
not shown in FIG. 1 for the sake of clarity. For example, the
data storage device 106 may include a printed circuit board
(PCB) to which components of the data storage device 106
are mechanically attached and which includes electrically
conductive traces that electrically interconnect components
of the data storage device 106, or the like. In some examples,
the physical dimensions and connector configurations of the
data storage device 106 may conform to one or more
standard form factors. Some example standard form factors
include, but are not limited to, 3.5" data storage device (e.g.,
an HDD or SSD), 2.5" data storage device, 1.8" data storage
device, peripheral component interconnect (PCI), PCI-ex-
tended (PCI-X), PCI Express (PCle) (e.g., PCle x1, x4, x8,
x16, PCle Mini1 Card, MiniPCI, etc.). In some examples, the
data storage device 106 may be directly coupled (e.g.,
directly soldered) to a motherboard of the host device 104.

The interface 114 of the data storage device 106 may
include one or both of a data bus for exchanging data with
the host device 104 and a control bus for exchanging
commands with the host device 104. The interface 114 may
operate 1 accordance with any suitable protocol. For
example, the interface 114 may operate i accordance with

one or more of the following protocols: advanced technol-
ogy attachment (ATA) (e.g., serial-ATA (SATA) and paral-

lel-ATA (PATA)), Fibre Channel Protocol (FCP), small
computer system interface (SCSI), senially attached SCSI
(SAS), PCI, and PCle, non-volatile memory express
(NVMe), OpenCAPI, GenZ, Cache Coherent Interface
Accelerator (CCIX), Open Channel SSD (OCSSD), or the
like. The electrical connection of the interface 114 (e.g., the
data bus, the control bus, or both) 1s electrically connected
to the controller 108, providing -electrical connection
between the host device 104 and the controller 108, allowing
data to be exchanged between the host device 104 and the
controller 108. In some examples, the electrical connection
of the interface 114 may also permit the data storage device
106 to receive power from the host device 104. For example,
as 1llustrated in FIG. 1, the power supply 111 may receive
power from the host device 104 via the interface 114.

The NVM 110 may include a plurality of memory devices
or memory units. NVM 110 may be configured to store
and/or retrieve data. For instance, a memory unit of NVM
110 may receive data and a message from the controller 108
that instructs the memory unit to store the data. Stmilarly, the
memory unit of NVM 110 may receive a message irom the
controller 108 that instructs the memory unit to retrieve data.
In some examples, each of the memory units may be referred
to as a die. In some examples, a single physical chip may
include a plurality of dies (1.e., a plurality of memory unaits).
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In some examples, each memory unit may be configured to
store relatively large amounts of data (e.g., 128 MB, 256
MB, 512 MB, 1 GB, 2 GB, 4 GB, 8 GB, 16 GB, 32 GB, 64
GB, 128 GB, 256 GB, 312 GB, 1 TB, etc.).

In some examples, each memory unit of NVM 110 may
include any type of non-volatile memory devices, such as
flash memory devices, phase-change memory (PCM)
devices, resistive random-access memory (ReRAM)
devices, magnetoresistive random-access memory (MRAM)
devices, ferroelectric random-access memory (F-RAM),
holographic memory devices, and any other type of non-
volatile memory devices.

The NVM 110 may comprise a plurality of flash memory
devices or memory units. NVM Flash memory devices may
include NAND or NOR based flash memory devices and
may store data based on a charge contained 1n a floating gate
of a transistor for each flash memory cell. In NVM f{lash
memory devices, the flash memory device may be divided
into a plurality of dies, where each die of the plurality of dies
includes a plurality of blocks, which may be further divided
into a plurality of pages. Each block of the plurality of
blocks within a particular memory device may include a
plurality of NVM cells. Rows of NVM cells may be elec-
trically connected using a word line to define a page of a
plurality of pages. Respective cells 1n each of the plurality
of pages may be electrically connected to respective bit
lines. Furthermore, NVM tlash memory devices may be 2D
or 3D devices and may be single level cell (SLC), multi-
level cell (MLC), triple level cell (TLC), or quad level cell
(QLC). The controller 108 may write data to and read data
from NVM flash memory devices at the page level and erase
data from NVM flash memory devices at the block level.

The data storage device 106 includes a power supply 111,
which may provide power to one or more components of the
data storage device 106. When operating 1n a standard mode,
the power supply 111 may provide power to one or more
components using power provided by an external device,
such as the host device 104. For instance, the power supply
111 may provide power to the one or more components using,
power received from the host device 104 via the interface
114. In some examples, the power supply 111 may include
one or more power storage components configured to pro-
vide power to the one or more components when operating,
in a shutdown mode, such as where power ceases to be
received from the external device. In this way, the power
supply 111 may function as an onboard backup power
source. Some examples of the one or more power storage
components include, but are not limited to, capacitors,
supercapacitors, batteries, and the like. In some examples,
the amount of power that may be stored by the one or more
power storage components may be a function of the cost
and/or the size (e.g., area/volume) of the one or more power
storage components. In other words, as the amount of power
stored by the one or more power storage components
increases, the cost and/or the size of the one or more power
storage components also increases.

The data storage device 106 also includes volatile
memory 112, which may be used by controller 108 to store
information. Volatile memory 112 may include one or more
volatile memory devices. In some examples, the controller
108 may use volatile memory 112 as a cache. For instance,
the controller 108 may store cached information in volatile
memory 112 until cached information i1s written to non-
volatile memory 110. As illustrated in FIG. 1, volatile
memory 112 may consume power received from the power
supply 111. Examples of volatile memory 112 include, but
are not limited to, random-access memory (RAM), dynamic
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random access memory (DRAM), static RAM (SRAM), and
synchronous dynamic RAM (SDRAM (e.g., DDR1, DDR2,
DDR3, DDR3L, LPDDR3, DDR4, LPDDR4, and the like)).

The data storage device 106 includes a controller 108,
which may manage one or more operations of the data
storage device 106. For instance, the controller 108 may
manage the reading of data from and/or the writing of data
to the NVM 110. In some embodiments, when the data
storage device 106 receives a write command from the host
device 104, the controller 108 may 1nitiate a data storage
command to store data to the NVM 110 and monitor the
progress ol the data storage command. The controller 108
may determine at least one operational characteristic of the
storage system 100 and store the at least one operational
characteristic to the NVM 110. In some embodiments, when
the data storage device 106 receives a write command from
the host device 104, the controller 108 temporarily stores the
data associated with the write command i1n the internal
memory or write builer 116 before sending the data to the
NVM 110.

FIG. 2A 1s a schematic illustration of scheduling foggy-
fine programming, according to disclosed embodiments.
The Front End (FE) module 202 comprises a first XOR
engine 204 and a first static random-access memory
(SRAM) 206. Host data may be mitially delivered to the FE
module 202. The data passes through the first XOR engine
204 and 1s written to the first SRAM 206. The first XOR
engine 204 generates XOR parity information prior to
writing to the first SRAM 206. Exclusive OR (XOR) parity
information 1s used to improve reliability of storage device
for storing data, such as enabling data recovery of failed
writes or failed reads of data to and from NVM or enabling
data recovery 1n case of power loss. The storage device may
be the data storage device 106 of FIG. 1. The reliability may
be provided by using XOR parity mnformation generated or
computed based on data stored to storage device. The first
XOR engine 204 may generate a {irst parity stream to be
written to the first SRAM 206. The first SRAM 206 may
contain a plurality of dies to which data may be written.

The Second Flash Manager (FM2) module 210 comprises
of an encoder 212, a second SRAM 216, a decoder 214, and
a second XOR engine 232, where the second XOR engine
232 1s configured to generate a second parity stream to be
written to the second SRAM 216. The decoder 214 may
comprise a low gear (LG) decoder and a high gear (HG)
decoder. The LG decoder can implement low power bit
flipping algorithms, such as a low density parity check
(LDPC) algorithm. The LG decoder may be operable to
decode data and correct bit flips where such data has a low
bit error rate (BER). The HG decoder can implement full
power decoding and error correction algorithms, which may
be mitiated upon a failure of the LG decoder to decode and
correct bit flips 1n data. The HG decoder can be operable to
correct bit flips where such data has a high BER. Alterna-
tively, FM2 may be replaced with a combined FE-FM
monochip.

The encoder 212 and decoder 214 (including the LG
decoder and HG decoder) can include processing circuitry or
a processor (with a computer-readable medium that stores
computer-readable program code (e.g., firmware) executable
by the processor), logic circuitry, an application specific
integrated circuit (ASIC), a programmable logic controller,
an embedded microcontroller, a combination thereot, or the
like, for example. In some examples, the encoder 212 and
the decoder 214 are separate from the storage controller, and
in other examples, the encoder 212 and the decoder 214 are
embedded i or part of the storage controller. In some
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examples, the LG decoder 1s a hardened circuit, such as logic
circuitry, an ASIC, or the like. In some examples, the HG
decoder can be a soft decoder (e.g., implemented by a
processor). Data may be written to second SRAM 216 after
being decoded at the decoder 214. The data at the second
SRAM 216 may be further delivered to the encoder 212, as
discussed below.

The memory device 220 may be a NAND memory device.
The memory device 220 may comprise TLC memory 222. It
1s to be understood that the embodiments discussed herein
may not be limited to TLC memory and may be applicable
to any multilevel cell memory such as MLC memory, QLC
memory, or the like. SLC memory, MLC memory, TLC
memory, QLC memory, and PLC memory are named
according to the number of bits that a memory cell may
accept. For example, SLC memory may accept one bit per
memory cell and QLC memory may accept four bits per
memory cell. Each bit 1s registered on the storage device as
alorad.

Furthermore, the TLC memory 222 includes a TLC
exclusive or (XOR) partition 226, where the TLC XOR
partition 226 stores parity or XOR data. Host data 1s written
to the first SRAM 206 of the FE module 202. First XOR
parity data may be generated, concurrently, at the first XOR
engine 204 of the FE module 202 as the host data 1s written
to the first SRAM 206. The host data and the generated first
XOR parity data passes from the first SRAM 206 to the
encoder 212 to be encoded along stream 1. The host data 1s
encoded and foggy written to the TLC memory 222. Like-
wise, the generated first XOR parity data 1s encoded and
foggy written to the TLC XOR partition 226 of the memory
device 220 along stream 2. During the foggy write, the
controller may selectively choose data to read i order to
allow for data sorting into the relevant one or more streams.
The TLC memory 222 may be a region of the memory
device 220 dedicated to protecting data 1n case of a power
loss event.

At stream 3, the host data 1s read from the TLC memory
222 at the decoder 214. After the host data 1s decoded at the
decoder 214, the host data 1s written to the second SRAM
216 of the FM2 210 along stream 4, where second XOR
parity data 1s further generated for the host data at the second
XOR engine 232 of the FM2 210. The host data and second
XOR parity data are passed through the encoder 212 to be
encoded along stream 5 and are fine written to the respective
locations of the TLC memory 222 and the TLC XOR
partition 226 along stream 6.

FIG. 2B 1s a schematic illustration of scheduling foggy-
fine programming, according to disclosed embodiments.
The TLC memory 222 may be further partitioned into a first
TLC memory partition 222A and a second TLC memory
partition 222B. The second TLC memory partition 222B
may be larger than the first TLC memory partition 222A.
Furthermore, the TLC XOR partition 226 may be further
partitioned into a first TLC XOR partition 226 A and a
second TLC XOR partition 226B. The second TLC XOR
partition 226B may be smaller than the first TLC XOR
partition 226B. In one embodiment, the size of the second
TLC XOR partition 226B 1s about 50% of the size of the size
of the first TLX XOR partition 226 A. In another example,
the size of the second TLC XOR partition 226B 1s less than
about 50% of the size of the size of the first TLX XOR
partition 226A.

In some examples, the second TLC XOR partition 2268
may be a configurable size, such that the controller 108 may
determine the size of the second TLC XOR partition 2268
during the life of the data storage device 106 depending on
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factors such as a threshold value, TLC memory 222 health,
such as the failed bit count (FBC) of the TLC memory, and
the like. The first TLC memory partition 222A and the first
TLC XOR partition 226 A may be a first TLC superblock and
the second TLC memory partition 222B and the second TLC
XOR partition 2268 may be a second superblock.

When foggy programming to the TLC memory 222, the
host data 1s programmed to the first TLC XOR partition
222 A. Likewise, the XOR parity data 1s programmed to the
first TLC XOR partition 226A. The first TLC memory
partition 222A and the first TLC XOR partition 226A may

be considered as a “Host Write” area, where data pro-
grammed 1n the “Host Write” area may be lost or corrupted.
However, when fine programming to the TLC memory 222,
the host data 1s copied (1.e., a reclaimed copy), that 1s still

valid (1.e., has not been re-written or trimmed by another
host command), from the first TLC XOR partition 222A,

re-encoded, and programmed to the second TLC memory
partition 222B and the XOR parnty data 1s programmed to
the second TLC XOR partition 226B. After fine program-
ming to the second TLC memory partition 222B and the
second TLC XOR partition 2268, the data and XOR parity
data 1s protected as a first copy of the data 1s stored 1n the
first TLC memory partition 222A. The second TLC memory
partition 222B and the second TLC XOR partition 2268
may be considered as a “Reclaim Copy™ area for the reasons
stated above.

Because the fine programming may utilize a decreased
XOR parity scheme, such as the schemes described below,
the required XOR parity partition size may be decreased. For
example, a reduction of the XOR parity data of about 50%
may release about 100 GB of capacity in a 7680 GB SSD.
The 100 GB of capacity released may then be utilized to
store additional host data. Thus, over-provisioning of the
memory for XOR parity data may be decreased and the
memory that would have been used to store XOR parity data
may be utilized to store host data or similar data.

FIG. 3 15 a schematic 1llustration of a horizontal exclusive
or (XOR) scheme with full die redundancy of a superblock
300, according to disclosed embodiments. The superblock
300 includes a plurality of dies (e.g., dies 0-7) and a plurality
of wordlines (WL) (e.g., WLs 0-95). The listed number of
dies and wordlines are not 1intended to be limiting, but are
shown to exemplily a possible embodiment. For example,
the superblock may include about 32 dies and more than or
less than about 96 WLs. Each die of the plurality of dies
includes a first plane, indicated by PLO, and a second plane,
indicated by PL1. Furthermore, each of wordline of the
plurality of wordlines includes four strings (STR). The
number of strings per wordline i1s based on the type of
memory cell of the superblock. For example, QLC memory
includes four strings per wordline, TLC memory includes
three strings per wordline, and SLC memory includes one
string per wordline.

The superblock 300 may be an example of a zone
namespace architecture that includes seven dies for data and
an eighth die for XOR panty data. Die 7 of the superblock
300 1s associated with XOR parity data 302. Because die 7
includes only XOR parity data 302, the XOR parity data 302
may recover another failed die 304, such as die 1, where
recovering the another failed die 304 includes recovering all
of the data of the failed die (i.e., full die redundancy).
Furthermore, because each string, such as string 2 of WL 0,
spans across each of the eight dies, each string includes 16
planes. Because die 7 includes XOR parity data 302, the
parity group ratio 1s about 1:7, where the XOR parity data
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overhead 1s about 12.5% (1.e., 4). The listed values are not
intended to be limiting, but to provide an example of
possible embodiment.

FIG. 4 1s an illustration of the possible options of exclu-
stve or (XOR) 1n a multi-level cell, according to disclosed
embodiments. Sources ol uncorrectable error correction
code (UECC) data errors includes program status failures
(PSF), silent program failures, and wear and data retention
related random failures. The PSF and the silent program
tallures may be associated with the bit faillure rate (BFR)
and/or the program erase (PE) cycle. The wear and DR

related random failures may be associated with the sector

tailure rate (SFR).

The “XOR party” column illustrates the type of XOR
parity included in each embodiment. For example, a tull die
redundancy (FDR) may recover an entire failed die. How-
ever, the XOR parity data associated with the FDR may
require a large amount of storage space in the superblock,
thus reducing the amount of data that may be stored in the
superblock. XOR parity data or any other parity schemes for
multiple error correction code (ECC) codewords, such as
low-density parity-check (LDPC), may be used to recover
tailed bits of data. For example, when the failed bit count
(FBC) 1s larger than a threshold value, the controller, such as
the controller 108 of FIG. 1, may utilize the XOR parity data
to recover the failed bits, such that the data associated with
the failed bits 1s no includes the failed bats.

Another example of a data error 1s a program {failure,
where the program failure size varies from one WL-string-
plane to 2-erase block failure two planes. Unlike the FBC
errors, where both XOR parity data and LDPC may be used
to correct the FBC errors, XOR parity data and similar parity
schemes may be used to correct program failures. Program
failures, such as PSF, may be fixed by writing data 1n a
different location of the superblock. For example, when a
cell has an unacceptable bit error rate (UBER), the controller
may avoid programming data to the cell that has an UBER.
However, silent program failures may be undetectable by the
controller and are passed to the NVM, such as the NVM 110
of FIG. 1, unnoticed. Silent program failures may result in
double, triple, or higher errors that reduce the reliability of
the data storage device, such as the data storage device 106
of FIG. 1.

In order to protect user data from failure due to the
program failures, the XOR panity data scheme needs to be
large enough (1.¢., low XOR parity ratio) to protect against
any combinations of the program {failures previously
described and any program failures not described, but con-
templated, and have the correct geometry as well. However,
the XOR parity data scheme size has limitations. For
example, by increasing the size of the XOR parity data
scheme, less user data or any other data may be stored 1n the
NVM since the XOR parity data takes up more memory in
the NVM, where the more memory could be utilized to store
more user data.

The “extra measures” column refers to the temporary
storage of data 1n a cache or a bufler or the level of read
verily/enhanced post write read (EPWR) used to check for
and fix errors. For example, the buller or the cache may store
up to the last two wordlines (2WL deep) of data written to
the superblock. When another wordline 1s written to the
superblock, the oldest wordline of the last two wordlines
stored 1n the bufler or the cache i1s released, such that
releasing the wordline refers to erasing the data. Further-
more, the read verity/EPWR level refers to the frequency of
the read verity/ EPWR operations. For example, a read
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verily/ EPWR level of a wordline signifies that after a
wordline 1s programmed, the read verily/ EPWR operation
OCCUrs.

As 1llustrated 1n FIG. 4, each time there 1s an additional
firmware (FW) read verity/EPWR check, the XOR parity
ratio decreases. For example, at the first FW read venty/
EPWR check embodiment 404, where the data 1s copied
from a first TLC memory partition, such as the first TLC
memory partition 222A of FIG. 2B, to a second TLC
memory partition, such as the second TLC memory partition
2228 of FIG. 2B, the XOR parity ratio 1s about to about
1:127. As a comparison, the no extra checks embodiment
402 has an XOR parity ratio of about 1:63. The first FW read
verily/ EPWR check embodiment 404 includes a read verity/
EPWR level of a wordline. Furthermore, the cache or the
bufler stores the last two wordlines (e.g., 2WL deep) of data
written to the superblock. By further performing read verity/
EPWR checks, such as the fourth FW read vernly/EPWR
check embodiment 406, the XOR parity ratio may be
substantially decreased to about 0, where the bufler or the
cache stores the last erase block written to the super block
and the read verity/EPWR operation occurs after each time
a wordline, an erase block, or both a wordline and an erase
block are programmed to.

The XOR parity data ratio as well as overhead may be
reduced 1f the PSF does not need to be corrected. For
example, 11 the data, such as up to the last two wordlines
written or the last erase block programmed, 1s still available
in the source blocks, such as the SLC memory, the bufler,
and/or the cache, the data in the source blocks may be
programmed over the PSF failures. In another example, a
temporary XOR parity data may be stored in the bufler, the
cache, and/or the volatile memory, such as the volatile
memory 112 of FIG. 1, where, 1n the case of a PSF, one XOR
parity element (1.e., XOR parity data) per cached XOR stripe
(1.e., one die, last two wordlines) may be fixed.

Furthermore, the XOR parity data ratio as well as over-
head may be reduced 1f the silent program failures do not
need to be fixed. For example, 11 the data, such as up to the
last two wordlines written or the last erase block pro-
grammed, 1s still available 1n the source blocks, such as the
first TLC memory partition 222A, the builler, and/or the
cache, the data in the source blocks may be programmed
over the PSF {failures. Furthermore, 11 additional FW read
verily/ EPWR operations detect the silent program failures
by looking for the error signatures for the silent program
tailure types, the XOR parity ratio and overhead may be
reduced. Referring to FIG. 2B, the XOR parity ratio of the
first TLC memory partition 222A and the first TLC XOR
partition 226 A may be about 1:7, where for every 1 die of
XOR parity data, 7 dies are appropriated to data. Likewise,
the XOR panty ratio of the second TLC memory partition
226 A and the second TLC XOR partition 2268 may be
about 1:7. However, by performing additional FW read
verily/ EPWR operations on the data programed to the
second TLC memory partition 226B, the XOR parity ratio of
the second TLC memory partition 222B and the second TLC
XOR partition 2268 may be about 1:15, about 1:31, about
1:63, about 1:127, about 1:255, about 1:383, or the like. It
1s contemplated that the XOR parity ratio of the second TLC
memory partition 222B and the second TLC XOR partition
226B may be about O where no XOR parity data 1s stored 1n
the second TLC XOR partition 226B.

For example, each wordline may be checked for silent
program failures when written to a superblock of the second
TLC memory partition 222B. In some embodiments, each
plane and/or each string of the wordline 1s also checked for
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silent program failures. Though the overhead of the opera-
tion may be large, silent program failures do not get pro-
grammed to the second TLC memory partition 222B unno-
ticed. Furthermore, because each wordline 1s checked, only
a minimal number of wordlines, such as up to about two
wordlines, may be stored in the bufler, the cache, and/or the
volatile memory. Thus, the latency of copying the wordlines
trom the stored location to the second TLC memory partition
222B or the latency of releasing the wordlines from the
stored location may be negligible or small.

In another example, the FW read verily/EPWR operation
may check for whole erase block failures. When checking,
tor whole erase block failures, only a few wordlines need to
be checked at the end of programming the erase block, thus
making the overhead of the operation smaller than the
overhead of the operation of checking each wordline. In one
embodiment, the number of wordlines checked may be
about two wordlines, where the about two wordlines
checked are the last wordlines of the programmed erase
block. However, because the erase block 1s checked at the
completion of the erase block program to the second TLC
memory partition 222B, the source blocks associated with
the data of the erase block may need to be stored 1n the first
TLC memory partition 222A, the bufler, and/or the cache.
Because storing the source blocks associated with the erase
block 1s larger than storing the last two wordlines pro-
grammed to the second TLC memory partition 222B, the
latency of releasing the source block from the relevant
location may be larger than the latency of releasing up to
about two wordlines.

In yet another example, the FW read verify/EPWR opera-
tion may check for both erase block and wordline failures.
After the erase block has been programmed to the second
TLC memory partition 222B, each wordline of the erase
block 1s checked for Wordhne failures. In some embodi-
ments, each plane and/or each string of the wordline 1s
checked for program failures. Because each wordline of the
erase block 1s checked at the completion of the erase block
program to the second TLC memory partition 222B, the
source blocks associated with the data of the erase block
may need to be stored in the first TLC memory partition
222A, the bufler, and/or the cache. Because storing the
source blocks associated with the erase block 1s larger than
storing the last two wordlines programmed to the second
TLC memory partition 222B, the latency of releasing the
source block from the relevant location may be larger than
the latency of releasing up to about two wordlines. Though
the overhead of the operation may be larger than the
previous two examples, the silent program failures may not
be passed to the second TLC memory partition 222B unno-
ticed, thus enabling the highest reduction of XOR parity
data, where the XOR parity data stored may be minimal or
substantially about zero. In some embodiments, the only
XOR parity data stored may be for wear and DR related
random failures.

FIGS. 5A and 5B are illustrations of various program
tailure types, according to disclosed embodiments. It 1s to be
understood that FIGS. SA and 5B are, collectively, repre-
sentative ol a single figure split into two pages labeled FIG.
5A and FIG. SB. The silent errors (1.e., silent program
tailures) do not include any PSF failures. Thus, the silent
errors may be passed to the MLC memory, such as the MLC
memory 224 of FIG. 2. However, as illustrated 1n the other
examples of FIGS. 5A and 5B, by including at least one cell
that has a PSF, the error may be noticed by the controller and
the controller may correct the error utilizing XOR parity
data, LDPC, and/or the like. The various program {failure
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types may be UECC/short and PSE. In some embodiments,
the program failures are along the borders of the superblock,
such as the last wordline programmed (1.e., WL(n)) and/or
the last string programmed (1.e., S3). By implementing a
read verily/EPWR operation, such as the read verily/EPWR
operations described 1n FIG. 4, the program failures illus-
trated in FIGS. 5A and 5B may not be programmed to the
MLC memory. It 1s contemplated that other failure types not
shown are applicable the embodiments described herein.

FIGS. 6A and 6B are schematic 1llustrations of a reduced
horizontal exclusive or (XOR) scheme of a superblock 600,
650, according to disclosed embodiments. Aspects of the
superblock 300 of FIG. 3 may be similar to the superblock
600 of FIG. 6 A and the superblock 650 of FIG. 6B. Although
a superblock scheme 1s exemplified, 1t 1s contemplated that
the disclosed embodiments may be applicable to non-super-
block schemes. The superblock scheme may refer to data
striping across multiple dies, as to achieve a higher level of
parallelism. The non-superblock scheme may refer to data
striping across a single die. Furthermore, 1t 1s to be under-
stood that while a horizontal XOR scheme 1s exemplified,
the embodiments may be applicable to a reduced vertical
XOR scheme. According to the horizontal XOR scheme, the
XOR parity group/stripe spans horizontally across a data
stripe, such that the last block or set of blocks of the
horizontal data stripe 1s programmed with XOR parity data.
The XOR parity data may protect against data failure for the
respective horizontal data stripe. According to the vertical
XOR parity scheme, the XOR parity group spans vertically
across a single plane, for example, such that the last block
of a plane or set of blocks of the plane 1s programmed with
XOR parity data. The XOR parity data may protect against
data failure for the respective vertical data stripe.

Unlike the superblock 300 of FIG. 3, the superblock 600,
specifically die 7, has about 50% reduced XOR parity data
when compared to the superblock 300. The XOR parity data
602 may be located on a single plane of a single die, such
as PL1 of die 7. Like the superblock 600, the superblock 650
has about 50% reduced XOR parity data when compared to
the superblock 300. However, rather than having XOR
parity data on a single plane of a single die, the XOR parity
data 602 may be stored on alternating strings, such as on
STR1 and STR3 of WLO, where the XOR parity data 602 1s
stored on both PLO and PL1 of a single die, such as the die
7. Likewise, the 1:15 parity group 652 illustrates where the
parity (P) may be located on alternating wordlines.

The reduced XOR parity data may be due the additional
read verily/EPWR operations to check for PSF and silent
program failures. The about 50% XOR parity data of the
superblock 600, 650 may only recover a block or a plane of
a die 604 rather than a whole die failure. The parity group
ratio may be about 1:15 rather than 1:7 as previously
illustrated 1n FIG. 3. However, because the additional read
verily/ EPWR operations are executed on the programmed
wordlines and/or erase blocks of the superblock, the UBER
may be substantially less than the programmed wordlines
and/or erase blocks of the superblock that does not have
additional read verily/EPWR operations executed on the
wordlines and/or erase blocks of the superblock.

FIG. 7 1s a schematic illustration of a reduced horizontal
exclusive or (XOR) scheme of a superblock 700, according
to disclosed embodiments. Aspects of the superblock 650 of
FIG. 6B may be similar to the superblock 700. Although a
superblock scheme 1s exemplified, 1t 1s contemplated that the
disclosed embodiments may be applicable to non-super-
block schemes. Furthermore, it 1s to be understood that
while a vertical XOR scheme 1s exemplified, the embodi-
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ments may be applicable to a reduced horizontal XOR
scheme. For example, the superblock 700 has a 1:15 parity
group ratio, where the XOR parity data 702 1s stored on
alternating strings. Regarding the superblock 700, the fourth
string, STR3, of the fourth wordline, WL3 1s being pro-
grammed to. The data at risk due to program failure are the
two previously programmed wordlines WL2 and WLI.
However, the source blocks for the data of WL2 and WL1
are stored in the TLC memory, such as the first TLC memory
partition 222A of FIG. 2B. WLO may be considered “safe”,
where a successiul read verity/ EPWR operation, such as the
read verily/EPWR operation described in FIG. 4, has been
completed on the data of WLO. The program failures 704,
both PSF and silent program failures, may still exist in WL1,
WL2, and WL3 because the read verily/EPWR operation
has not yet been executed.

FIG. 8 1s a schematic illustration of a reduced vertical
exclusive or (XOR) scheme of a superblock 800, according
to disclosed embodiments. Although a superblock scheme 1s
exemplified, 1t 1s contemplated that the disclosed embodi-
ments may be applicable to non-superblock schemes. Fur-
thermore, 1t 1s to be understood that while a vertical XOR
scheme 1s exemplified, the embodiments may be applicable
to a reduced horizontal XOR scheme. The superblock 800
exemplifies the 1:383 parity groups scheme as 1llustrated 1n
FIG. 4, where the 1:383 refers to 1 XOR parity data for 383
other cells in a TLC memory that includes 96 wordlines and
8 dies. In some examples, the number of parity groups per
superblock may be reduced to half or a quarter of the
superblock, such that the superblock includes between about
2 and about 4 parity groups. For example, each of the parity
groups may protect against data failures of the respective die
and a neighboring adjacent die.

Rather than programming XOR parity data to the last die
of each wordline, the XOR parity data 802 1s programmed
to the last string of the last wordline, such that the XOR
parity data protects the previous wordlines and the previous
strings for each plane and/or die. In some examples, the
XOR parity data 802 may be stored in volatile memory, such
as the volatile memory 112 of FIG. 1, until the completion
of the program to the previous strings and wordlines as to
maintain a sequential program to the superblock.

In one example, the XOR parity data may protect along

the same die and/or plane, such that a first XOR parity data
806 in Die/, PL1, WL 95, STR3 may protect a fourth

location 8084 in Die7, PLO, WLO, STR1. In another
example, the first XOR parity data 806 1n Die’/7, PLL1, WL 95,
STR3 may protect a scattered group of cells such as the first
location 808a, second location 8085, third location 808c,
and fourth location 808d. Furthermore, volatile memory
and/or the NVM, such as the first TLC memory partition
222A of FIG. 2B, may store the last erase block of data such
that a first erase block 804 may be recovered.

FIG. 9 1s a flowchart illustrating a method 900 of per-
forming a foggy-fine program, according to disclosed
embodiments. At block 902, the controller, such as the
controller 108 of FIG. 1, receives a write command. The
controller performs a foggy/fine program at block 904 to the
non-volatile memory, such as the second TLC memory
partition 222B of FIG. 2B. The data associated with the fine
program may be written to one or more wordlines, such as
a first wordline and a second wordline, of the NVM or to an
erase block of the NVM.

At block 906, the data source (i.e., the data associated
with the write command at block 902) 1s held 1n a volatile
memory, such as the volatile memory 112 of FIG. 1, and/or

in a NVM, such as the first TLC memory partition 222B of
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FIG. 2B, where the data source may store up to about two
wordlines last fine program written to the NVM or the last
erase block fine programmed to the NVM. At block 908, a

read verily operation occurs on the data that i1s fine pro-
grammed to the NVM. The read verily operation may be an
enhanced post write read operation. Furthermore, the read
verily operation may occur to either the last two wordlines
previously programmed, such as a first wordline and a
second wordline, the last erase block previously written, or
cach wordline of the last erase block previously written. The
read verily operation checks for program failures such as
PSE, silent program failures, and the like.

At block 910, the controller determines 11 the read verity
operation was successtul. If the read verily operation was
not successiul (i1.e., a program failure 1s present) at block
910, then at block 912, the data source stored 1n the first TL.C
memory partition 222 A 1s copied to the second TLC memory
partition 222B, where copying the data to the second TLC
memory partition 222B 1s a fine program. The controller
then performs a read verily operation on the copied data at
block 908. However, 11 the read verily operation 1s success-
tul at block 910, then a reduced amount of XOR parity data
programed with data at block 914, such that the XOR parity
data programmed may be about 50% of the XOR parity data
programmed 1n previous approaches. The amount of XOR
parity data programmed may depend on the level of pro-
gramming redundancy performed, such as the difierent
redundancy levels described previously in FIG. 4.

For example, when programming the data to the second
TLC memory partition 222B, a plane of a die across each of
the plurality of wordlines may include an XOR parity
clement (1.e., XOR parity data). The plurality of wordlines
include a plurality of strings, where the XOR parity element
1s written to alternating strings of a die and at least one string
of the plurality of strings does not include XOR parity data.
Rather than programming a whole die with XOR parity data,
about half a die 1s programmed with XOR parity data after
a successiul read verily operation. It 1s to be understood that
the reduced XOR parity data scheme may be a reduced
horizontal parity scheme, a vertical reduced parity scheme,
or a combination of the previously mentioned schemes.
Furthermore, in some examples the vertical reduced parity
scheme may be a scattered vertical parity scheme, such that
the XOR parity data does protects different cells or bits per
plane of each die. In some embodiments, the first TLC
memory partition 222A and the second TLC memory par-
tition 2228 may not have the same XOR parity scheme. For
example, the first TLC memory partition 222A has a {first
ratio, where the {irst ratio 1s about a 1:7 parity group ratio,
and the second TLC memory partition 222B has a second
ratio, where the second ratio 1s about a 1:15 parity group
ratio. Furthermore, 1n some examples, the second TLC
memory partition 222B may have not have any XOR parity
data, such as the fourth FW read verity/EPWR check
embodiment 406 described 1n FIG. 4.

At block 916, the data source associated with the data of
the successtul read verily operation 1s released from the first
TLC memory partition 222 A, the bufler, and/or the cache. At
block 918, the fine program 1s completed.

By performing a read verily operation to different levels
of the non-volatile memory, such as on a wordline to
wordline basis, on an erase block basis, or on each wordline
of an erase block basis, and storing the data source in the
SLC memory, the bufler, and/or the cache, the size of the
XOR parity data of the fine program to the NVM may be
decreased and the reliability of the data may be increased.
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In one embodiment, a data storage device includes a
controller and a memory device coupled to the controller.
The memory device includes a first superblock that has a
first parity portion of a first storage size and a second
superblock that has a second parity portion of a second
storage size. The first storage size 1s less than the second
storage size.

The first superblock has a third storage size and the
second superblock has a fourth storage size. The third
storage size 1s less than the fourth storage size. The first
superblock 1s configured to handle host write data. The
second superblock 1s configured to handle reclaimed copies
of the host write data. The first superblock 1s TLC memory.
The second superblock 1s TLC memory. The first parity
portion and the second parity portion are XOR parity. The
second storage size 1s about 50% less than the first storage
s1ize. The second superblock includes a plurality of word-
lines. Each wordline includes a plurality of strings. At least
one string of the plurality of strings does not include
exclusive or (XOR) data.

In another embodiment, a data storage device includes a
memory device and a controller coupled to the memory
device. The controller 1s configured to receive host data from
a host device, generate first exclusive or (XOR) parity data
for the host data, encode the host data and first XOR parity
data with an encoder, write the encoded host data and first
XOR parity data to a first memory superblock, decode valid
data and first XOR parity data written to the first memory
superblock, wherein the valid data corresponds with the host
data that has not become obsolete when located 1n the first
memory superblock, generate second XOR parity data for
the decoded valid data, re-encode the decoded valid data and
second XOR panty data with the encoder, and write the
re-encoded data and second XOR parity data to a second
memory superblock. The re-encoded second XOR parity
data has a size that 1s less than the size of the first XOR
parity data.

The memory device includes a plurality of dies. Each of
the plurality of dies includes a first plane and a second plane.
At least one plane of the first plane and the second plane
includes exclusive or (XOR) data. The controller 1s further
configured to write data to a first wordline of plurality of
wordlines of the memory device, write data to a second
wordline of the plurality of wordlines, perform a read verily
operation on the first wordline, and perform a read verily
operation on the second wordline. At least one of the first
wordline and the second wordline does not include an XOR
parity element. The read verily operation 1s enhanced post
write read (EPWR). The XOR parity element 1s at least one
of a full die redundancy, a full plane redundancy, and an
erase block redundancy. The decoder and the encoder are
disposed 1n a front module of the data storage device. The
first XOR parity data 1s generated 1n a front end module
separate from the front module.

In another embodiment, a data storage device includes
memory means comprising a first memory superblock and a
second memory superblock, means to store host data with
parity data in the first memory superblock, and means to
store a copy of the host data and panty data in the second
memory superblock, wherein the copy of the parity data
utilizes a smaller amount of parity data storage 1n the second
superblock compared to an amount of parity data storage 1n
the first superblock.

The data storage device further includes means to perform
a read verily operation to detect program failures. The read
verily operation 1s an enhanced post write read. The means
to perform a read verily operation includes either checking
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cach wordline of a plurality of wordlines of the memory
means for program failures, each erase block of a plurality
of erase blocks of the memory means for program failures,
or both each wordline of the plurality of wordlines and each
erase block of the plurality of erase blocks for program
tailures.

While the foregoing i1s directed to embodiments of the
present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

What 1s claimed 1s:

1. A data storage device, comprising:

a controller; and

a memory device coupled to the controller, wherein the

memory device comprises:

a first superblock that has a first parity portion of a first
storage size; and

a second superblock that has a second parity portion of
a second storage size, wherein the {irst storage size
1s less than the second storage size.

2. The data storage device of claim 1, wherein the first
superblock has a third storage size and the second super-
block has a fourth storage size, and wherein the third storage
s1ze 15 less than the fourth storage size.

3. The data storage device of claim 2, wherein the first
superblock 1s configured to handle host write data.

4. The data storage device of claim 3, wherein the second
superblock 1s configured to handle reclaimed copies of the
host write data.

5. The data storage device of claim 1, wherein the first
superblock 1s TLC memory.

6. The data storage device of claim 5, wherein the second
superblock 1s TLC memory.

7. The data storage device of claim 1, wherein the first
parity portion and the second parity portion are XOR parity.

8. The data storage device of claim 1, wherein the second
storage size 1s about 50% less than the first storage size.

9. The data storage device of claim 1, wherein the second
superblock comprises a plurality of wordlines, wherein each
wordline comprises a plurality of strings, and wherein at
least one string of the plurality of strings does not include
exclusive or (XOR) data.

10. A data storage device, comprising:

memory means comprising a {irst memory superblock and

a second memory superblock;

means to store host data with parity data in the first

memory superblock; and

means to store a copy of the host data and parity data 1n

the second memory superblock, wherein the copy of
the parity data utilizes a smaller amount of parity data
storage 1n the second memory superblock compared to
an amount of parity data storage in the first memory
superblock.

11. The data storage device of claim 10, further compris-
ng:

means to perform a read verily operation to detect pro-

gram failures, wherein the read verify operation 1s an
enhanced post write read.

12. The data storage device of claim 11, wherein the
means to perform a read verily operation comprises either
checking each wordline of a plurality of wordlines of the
memory means for program failures, each erase block of a
plurality of erase blocks of the memory means for program
tailures, or both each wordline of the plurality of wordlines
and each erase block of the plurality of erase blocks for
program failures.
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13. The data storage device of claim 10, wherein the
memory means comprises a plurality of dies, and wherein
cach of the plurality of dies comprises a first plane and a
second plane.

14. The data storage device of claim 13, wherein at least

one plane of the first plane and the second plane includes
exclusive or (XOR) data.

15. The data storage device of claim 13, further compris-
ing a controller configured to:

write data to a first wordline of the memory means;

write data to a second wordline of the memory means;
perform a read verily operation on the first wordline; and

perform a read verily operation on the second wordline,
wherein at least one of the first wordline and the second

wordline does not include an XOR parity element.

16. The data storage device of claim 15, wherein the read
verily operation 1s enhanced post write read (EPWR).
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17. The data storage device of claim 15, wherein the XOR
parity element 1s at least one of a full die redundancy, a full
plane redundancy, and an erase block redundancy.

18. The data storage device of claim 10, further compris-
ing a decoder and an encoder disposed 1n a front module of
the data storage device.

19. The data storage device of claim 10, wherein first
XOR parity data 1s generated in a front end module and
wherein the device further includes a front module that 1s
separate from the front end module.

20. The data storage device of claim 10, wherein the
memory means Comprises:

a first superblock that has a first parity portion of a first

storage size; and

a second superblock that has a second parity portion of a

second storage size, wherein the first storage size 1s less
than the second storage size.
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